One contribution of 18 to a theme issue 'Human influences on evolution, and the ecological and societal consequences'. Urban ecosystems are relatively recent and heavily human-altered terrestrial ecosystems with a surprisingly high diversity of animals, plants and other organisms. Urban habitats are also strongly fragmented and subject to higher temperatures, providing a compelling model for studying adaptation to global change. Crepis sancta (Asteraceae), an annual Mediterranean wasteland weed, occupies fragmented urban environments as well as certain unfragmented landscapes in southern France. We tested for shifts in dispersal, reproductive traits and size across a rural-urban gradient to learn whether and how selection may be driving changes in life history in urban and fragmented habitats. We specifically compared the structure of quantitative genetic variation and of neutral markers (microsatellites) between urban and rural and between fragmented and unfragmented habitats. We showed that fragmentation provides a better descriptor of trait variation than urbanization per se for dispersal traits. Fragmentation also affected reproductive traits and plant size though one rural population did conform to this scheme. Our study shows the role of fragmentation for dispersal traits shift in urban environments and a more complex pattern for other traits. We discuss the role of pollinator scarcity and an inhospitable matrix as drivers of adaptation.
Introduction
Human activities greatly disturb ecosystems in ways that directly and indirectly reduce biological diversity, a major component of global change [1] . Habitat fragmentation and urbanization not only reduce plant and animal diversity, but also generate new habitats to which some species are rapidly adapting. Several studies have found that this evolution can be rapid enough to track contemporary rates of environmental change [1] [2] [3] . However, habitat fragmentation and urbanization may also constrain the ability of species to evolve adaptively by reducing effective population sizes and gene flow [4, 5] . To address these questions, we should, therefore, seek to identify which traits are adaptive in these rapidly changing environments and how selection is acting on them [5, 6] .
Human dominated habitats like mines, agrosystems and urban environments are often highly disturbed with extreme environmental conditions, e.g. high metal concentrations [7] . Urban environments include some of the most recent and strongly altered environments including extreme fragmentation [8, 9] . Although human disturbed areas are often ecologically impoverished [10] , they also allow studies of adaptive change on a temporally and spatially fine-grained scale. Recently, changed environments also provide quasi-experimental ecological systems in which we can analyse the mechanisms that underlie adaptive processes. To persist in strongly altered habitats like cities, organisms must deal with specific urban constraints [9, 11, 12] . These include hotter microclimates (heat islands), air pollution and night light [13] . Urban noise has already caused urban great tits (Parus major) to adaptively shift their song frequency to avoid being masked by ambient low-frequency noise [14, 15] .
Urban habitats are highly fragmented, likely affecting both demographic and genetic processes in ways that could select for shifts in species' traits [16, 17] . For example, as fragmentation reduces the size and increases the isolation of plant populations, pollinator services may decline, reducing seed set and causing an Allee effect. This, in turn, could select for higher rates of self-fertilization [18] . Cheptou & Avendano [19] demonstrated such an effect in small urban fragmented populations of Crepis sancta (Asteraceae) but failed to detect any evolutionary changes in mating systems. Fragmentation can also affect selection on dispersal, e.g. by reducing populations of dispersers or limiting access to suitable habitats [20] . This, in turn, could select for reduced dispersal [21 -23] . Finally, we expect increases in the frequency or intensity of disturbance (often related to fragmentation) to decrease population density and competitive interactions in ways that could relax selection to sustain life-history traits related to competition [24, 25] . Detecting these evolutionary trends remains challenging, however. Correlations between phenotypes and environmental conditions are often interpreted as a clue of adaptation but may overlook effects of genetic drift and migration. Although we expect urban habitats to favour certain evolutionary shifts in plant species [26] , it may be difficult to identify which environmental factors (e.g. pollution, fragmentation, heat island effect) are acting as the primary selective agent(s). Simple comparisons between urban and rural populations allow us to detect adaptive changes but do not allow us to identify the specific factors causing these trait shifts. Isolated populations within fragmented urban habitats are likely subject to genetic drift and inbreeding, reducing their genetic variation and evolutionary potential [27, 28] . Comparing genetic differentiation in quantitative traits (Q ST ) to neutral genetic differentiation (F ST ) has been proposed as a way to disentangle selection from drift and migration processes [29] [30] [31] . However, the comparison of Q ST and F ST has been considered with caution [32] . In particular, the genetic architecture of quantitative traits and mutation rates of neutral markers means that Q ST and F ST do not behave similarly in the absence of selection [33] .
Here, we test whether a Mediterranean annual weed, C. sancta (Asteraceae), has responded to selection in urban environments via adaptive shifts in key life-history traits affecting the plant's phenology, vegetative structure, flowers and dispersal. We seek to identify whether fragmentation or urbanization has driven any such adaptations within this urban ecosystem by analysing life-history trait variation in a common environment. Specifically, rural, urban populations and more and less-fragmented urban populations were compared. Genetic variation in quantitative traits (Q ST ) were also analysed using different partitions and neutral markers (F ST ) were used to control for the potential effect of drift.
Material and methods (a)The urban -rural study system
Crepis sancta (Asteraceae) is a common ruderal winter annual in southern France. It is partially self-incompatible, heterocarpic and flowers in early March. Like most other heterocarpic Asteraceae, each inflorescence (capitulum) produces large light-coloured nondispersing seeds lacking a pappus and small brown-coloured dispersing seeds with a pappus [34] . Each capitulum can produce up to 100 seeds. The proportion of pappus-bearing seeds provides an estimate for an individual dispersal [26] . There is no evidence of inter-annual dormancy nor seed bank in this species [34, 35] .
Urban fragmented populations of C. sancta occur in small patches around trees (approx. 1 -2 m 2 ; 40 individuals per patch maximum) that are surrounded by an unsuitable matrix (asphalt and concrete) along the streets of Montpellier in southern France [35, 36] . Such habitats differ greatly from the vineyards, old fields and other rural habitats that support this species in areas around Montpellier which are always larger and unfragmented (e.g. more than 200 000 plants per hectare in vineyards). Urban fragmentation likely drives the evolution of dispersal traits in these habitats [26] . Cultivated vineyards and old abandoned fields in the rural environment exhibit substantial differences in population density of C. sancta and in species diversity. Contrary to abandoned fields, ploughing in vineyards prevents the development of older successional stage. Consequently, the mean density of C. sancta varies from 50 individuals per square metre in cultivated vineyards to only 5-10 individuals per square metre in old fields [37] . Urban fragmented populations exhibit similarities with abandoned fields counting only five individuals per square metre [36] . The low density of C. sancta and the presence of more competitive species in both old fields and patches in an urban fragmented environment can be interpreted as an older successional stage compared with ploughed cultivated vineyards. Patches extinction and low inter-patch connectivity in urban fragmented populations may also lead to reduced local density [36] . Urban environments also support a few less-fragmented habitats (such as lawns and vineyards) within the city, which allows us to disentangle the effect of fragmentation from the effect of other factors associated with urbanization. However, highly fragmented populations cannot be found in rural environments. [26, 38] in order to: (i) maximize the range of habitat fragmentation, and (ii) discriminate the effects of urbanization from fragmentation on selection for life-history traits. The two rural populations (CL, PSL) occurred within large, unfragmented habitats , 30 km from Montpellier. Population CL occurred in a vineyard (50 individuals per square metres [37] ) while PSL occurred in a 5 years-abandoned vineyard (10 individuals per square metres [37] ). Two of the four urban populations were unfragmented (BF and VV, reflecting a dense lawn and dense vineyard in the city) while two were highly fragmented (AI and JC [19, 26, 35] ; 5 -10 individuals per square metre [36] ). To infer recent adaptation, we chose urban populations in recently urbanized areas. Populations JC, AI and BF occur in a district developed in 1982 [26] . The age of population VV is unknown but likely older than this.
In November 2010, we randomly harvested seeds from 20 individuals in each population. From each individual, we removed 20 of the small dispersing achenes from one capitulum to represent a family. We then germinated seeds from each family in individual Petri dishes on filter paper moistened with distilled water incubated in a germination chamber cycling between 12 h light at 208C and 12 h dark at 108C. We then transplanted ten seedlings per family to seedling plates filled with 3 : 1 sterilized soil to compost mixture. One month later, we transplanted six random individuals per family into 1 l pots filled with the same soil mixture. These pots were placed randomly around a greenhouse during the growing period. We thus started the experiment with 720 individuals (6 populations Â 20 families Â 6 individuals).
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Dubois & Cheptou [39] found no difference in germination rate or seed mass among these populations, suggesting few maternal effects on these traits.
(c) Phenotypic measurements
We took a standardized set of photographs of all individual rosettes when plants bolted in order to score shape and plant and leaf size. We analysed these images using IMAGEJ [40] to measure the mean length of the three longest leaves and the area of each rosette. The ratio of leaf surface to mean leaf length provides a metric of leaf shape for each rosette. We also recorded the date of first capitulum emergence, its diameter and the length of the first flowering stalk for each individual.
To prevent among-population crosses, we facilitated pollinations within two sealed greenhouses using two commercial hives of Bombus terrestris (NATUPOL, Koppert Biological Systems). All plants from the same population were placed within a greenhouse for one week together with a hive. During this period, we recorded flowering capitula. Three weeks sufficed to complete pollinations in all six populations. Once capitula were mature, we randomly sampled three capitula per individual and counted non-dispersing and dispersing achenes. We then calculated the dispersal index (Ra) as the ratio of non-dispersing seeds to total seeds [26] . To avoid potential bias due to incomplete pollination, we only included capitula with greater than 50 seeds. Finally, we counted the total number of capitula produced per individual at the end of the life cycle (late April).
(d) Molecular neutral genetic variation
We used eight neutral microsatellite markers [36, 41] to assess levels of neutral genetic diversity within each population and between the fragmented and unfragmented (and urban and rural) sets of populations. We extracted DNA using maternal leaf tissue from 28-30 individuals per population using QIAGEN DNeasy Plant Mini kits. We then genotyped each individual at eight loci: Cs10A2, Cs12F3, Cs1B6, Cs1C4, Cs2C3, Cs2H6, Cs7D4 and Cs7D7 [41] . Two loci that showed high frequencies of null alleles in all populations were removed from the analysis. In each population, we estimated frequencies of null alleles using the EM algorithm [42] implemented in GENEPOP software [43] . We estimated expected heterozygosity (HE), observed heterozygosity (HO) and allelic richness (RS) for each locus using the HIERFSTAT package in R [44] . We also estimated F IS within each population and used these values to estimate equilibrium selfing rates as s ¼ 2F IS /(1 þ F IS ) [45] .
We analysed genetic structure using hierarchical F-statistics estimated from variance components of the allele frequencies [46] in package HIERFSTAT [44, 47] , testing whether F differed from zero using its randomization function. We also estimated 95% confidence intervals (CI) for each F by bootstrapping these 1000Â over loci. We use these notations: F BF for the differentiation between fragmented and unfragmented populations; F BU for the differentiation between urban and rural populations; and F PwF and F PwU for the differentiation within each of these classifications of fragmentation and urbanization.
(e) Analysis of life-history traits
Because of potential redundancy between measured traits, we first applied principal component analyses (PCA package FactoMineR in R [48] ) to evaluate correlations among all eight traits and to estimate the effective number of dimensions summarizing the distribution of total phenotypic variation [49] . Because the nondispersing seed ratio has been found to vary along a rural/urban gradient [23] , it was not directly included in the PCA analysis but treated as a supplementary variable to check for correlations with others traits. For the two first principal components and the non-dispersing seed ratio, we used mixed model comparison with independent test for fragmentation and urbanization effects using the lmer function in the lme4 package of R [50] .
Because fragmented populations do not exist in rural environments, classical linear model testing for the effect of 'fragmentation' and 'urbanization' as explanatory variables cannot be used. We thus used a model comparison approach. In all models, we treat population and family as random effects to take account of any particular covariance structure in the nested design. We constructed three models: model 1 accounts for an origin effect (among rural, urban unfragmented and urban fragmented); model 2 accounts for the urbanization effect (urban versus rural) and model 3 accounts for the fragmentation effect (fragmented versus unfragmented). We compared model 2 (and model 3) with model 1 to test whether adding the fragmentation effect (urbanization effect) significantly affected model deviance. We used likelihood ratio tests to compute p-values. We also tested the random effects using likelihood ratio tests by removing family (nested within population) and then population factors from the full model 1. We visually checked to ensure that residual variation conformed to assumptions of normality and homoscedasticity. For non-dispersing seed ratio, we used an arcsine p ratio transformation as in Cheptou et al. [26] .
(f ) Structure of quantitative traits variation (Q ST )
To analyse quantitative variance of life-history traits, we first partitioned the phenotypic variance of traits between fragmented/ unfragmented and urban/rural populations. We then computed the quantitative genetic variation between environments (Q BE ) and among populations within environments (Q PwE ) as A are the genetic variances between environments (either fragmented/unfragmented or urban/rural), among populations within environments and among individuals within a population, respectively [33, 51] . To take the number of fathers in a family into account (half-sib to full-sib) and the effect of selfing rate on the genetic additive variance, we estimate s
, where s 2 F , s and n are the variance between families within a population, the population selfing rate and the mean number of fathers per family, respectively (see electronic supplementary material, appendix A1). We used the mean values for urban and rural populations previously estimated from progeny array analyses [19, 52] , i.e. s ¼ 0.165 and n ¼ 2.22.
We estimated these variance components in mixed effects models fit by restricted maximum likelihood as implemented in the 'nlme' package [53] in R [50] . Environment, population and family were all treated as random effects.
Because direct comparisons of Q ST and F ST may be misleading for detecting selection [33] , we used a different approach. As our primary aim was to analyse whether 'urbanization' or 'fragmentation' best explained the genetic variances observed, we performed a Q ST -Q ST comparison in order to analyse which partition best explains the quantitative variation of traits. For each partition, we adjusted Q ST to the neutral differentiation (F ST ) to account for potential effects of drift. We thus compare the quantity Q ST minus F ST between the two partitions.
Results (a) Neutral genetic variability
The mean number of alleles per population and per locus varied from 5.5 to 17 (electronic supplementary material, table S1), providing good statistical power for detecting genetic structure. The mean number of alleles and the expected heterozygosity for each population is indicated in electronic supplementary material, table S1. Most populations showed a small deficiency of heterozygotes revealing inbreeding. Estimated mean F IS over all loci was 0.1367, equivalent to an equilibrium selfing rate of 0.241. This resembles results from previous studies on C. sancta [19, 37] .
Hierarchical F ST showed that neutral genetic variability between habitat types is very low (not significantly different from zero, table 1). In others words, in both between-environment partitions (fragmentation and urbanization), habitat was not a good descriptor of neutral genetic structure. This suggests there is no barrier to gene flow among these nearby environments. By contrast, we detected a low but significant F ST between populations within environments in both designs.
(b) Analysis of life-history traits
PCA revealed that two independent components captured most of the total phenotypic variability (effective number of dimensions ¼ 2.24) accounting for 71.7% of the total phenotypic variability (figure 1a). We summarize how each trait contributed to each of the first three components in the electronic supplementary material, table S2. Mean leaf size, area and shape are positively correlated, mostly defining the first principal component (PC1). PC2 is defined by stalk height, capitulum diameter and flowering time, negatively correlated to the two first variables. The total number of capitula was little related to the two first components but to the third component (85.83% of the variance captured by this component; electronic supplementary material, table S2). The ratio of non-dispersing to dispersing seeds (Ra) was little related to the three first components (20.078 , r 2 , 0.063) indicating independence between these variables (figure 1a).
Comparing model 2 with model 1 (table 2) reveals differences between the fragmented and unfragmented populations in mean PC2 scores ( p , 0.05) but not for PC1 ( p . 0.05).
Unfragmented populations flowered earlier, had larger capitulum diameter and longer stalks (see also electronic supplementary material, table S3, for statistical analysis for each trait independently). The unfragmented population PSL is, however, close to fragmented populations on PC2 (figure 1b). The non-dispersing seed ratio is higher for fragmented than for unfragmented populations ( p , 0.05; figure 2 ). By contrast, models 3 and 1 found no significant differences between urban and rural populations PC1, PC2 and Ra (table 2, figure 1 ). The comparison of models reveals no significant differences between either fragmented versus unfragmented environment or urban versus rural environment for the total number of capitula ( p . 0.05). We also found significant variation among families within populations for PC1, PC2 and Ra (table 2) . Populations also differed within environments for PC1 and PC2 but not for Ra (table 2) .
(c) Q ST -Q ST comparisons
Between rural and urban habitats, we found little quantitative genetic differentiation in life-history traits ( figure 3) . The quantitative genetic variance between these habitats adjusted for neutral variation (Q BU 2 F BU ) was low for all traits. Thus, essentially all the quantitative variance (Q PwU 2 F PwU ) exists among populations within these two habitats. By contrast, fragmented and unfragmented habitats differed strongly in several quantitative life-history traits including stalk height, capitulum diameter, flowering time and the ratio of nondispersing seeds (Ra; figure 3 ). These variance components adjusted for neutral variation (Q BF 2 F BF ) are strongly linked to the second axes. Except for shape, traits defining the first PCA axis (leaf size and area) showed only little quantitative variation between fragmented and unfragmented habitats. Populations within these habitats also harboured substantial quantitative variance (Q PwF 2 F PwF ) for all traits except dispersal (Ra). For Ra, this variance component was close to zero, which indicates that fragmentation captures nearly all the quantitative variance for this trait.
Discussion
This study examined patterns of differentiation and putative adaptation to urban environments among three groups of plant life-history traits: (i) reproductive traits (capitulum diameter, stalk height and flowering time), (ii) size traits (leaf size, area, shape and the cumulative number of capitula), and (iii) dispersal traits (Ra-the ratio of non-dispersing seeds). We further sought to distinguish urban effects from the effects of habitat fragmentation in urban areas. While size traits variation is not linked to the degree of habitat fragmentation, we found that habitat fragmentation accounts for differentiation of dispersal traits for these populations. To a lesser extent, reproductive traits exhibit a similar pattern, although one population did not conform to this scheme. By contrast, urbanization showed no effect on phenotypic trait variations.
Q ST /F ST contrasts to detect adaption have been criticized because of the high mutation rate of microsatellites that potentially lower neutral F ST and the low confidence on Q ST estimates, which may wrongly generate signals of selection [31, 32] . To avoid these problems, we only compare the two partitions of Q ST among environments (adjusted to neutral F ST ) to show that populations differ more strongly in quantitative traits between fragmented and unfragmented habitats than values. Overall, because fragmented versus unfragmented environments provide a far better description of quantitative variance than urban versus non-urban environments, our results suggest that selection driving adaptive shifts of reproductive and dispersal traits reflects the action of fragmentation rather than urbanization per se. These results, based on both linear models and Q ST estimates, suggest that adaptation can act swiftly to alter traits in the ruderal plants adapting to fragmented urban environments.
(a) Patterns of traits variation
First, the results showed a reduction of dispersal ability in all fragmented urban populations. More importantly, almost all the genetic variation in dispersal appears to be related to fragmentation with almost no genetic variation occurring among populations within fragmented or unfragmented habitats. According to previous work, this pattern shows that fragmentation is the main factor of selection acting on the dispersal trait in our study system, as hypothesized by Cheptou et al. [26] . Second, several key reproductive traits (capitulum diameter, stalk height and flowering time) differ between the fragmented and unfragmented habitats. Overall, fragmented Table 2 . x 2 and p-values from likelihood ratio tests of fragmentation effect, urbanization effect, population effect and family effect for the two first PCA components and for the ratio of non-dispersing seeds to total seeds (Ra). Population and family effect are tested with model 1. For all tests, the associated number of degrees of freedom is 1. Significant tests are reported in italics. populations have smaller capitulum diameter, shorter flowering stalk and flower later. This pattern is, however, not consistently found across populations. The 5 years-abandoned vineyard PSL showed phenotypic similarities with the urban fragmented population for reproductive traits. Although genetic quantitative differentiation on these traits is more linked to habitat fragmentation than urbanization, we doubt that fragmentation per se is the only selective factor acting on reproductive traits. While our design and the number of populations may limit the exploration of other selective factors, similarities between urban fragmented populations and abandoned vineyards may help in elucidating them.
Third, traits related to plant size (leaf size, shape, area and final number of capitula) do not appear to have been differentially selected in more or less-fragmented habitats or other general features of the urban environment. Because we do observe substantial quantitative variation among populations for these traits, we can see that genetic variation is available for selection to act on. This suggests that drift or some other kind of selection unrelated to fragmentation may be acting.
(b) Selection in urban fragmented habitats
The higher fraction of non-dispersing seeds in urban fragmented populations is consistent with a reduction of dispersal ability in urban fragmented habitat. This pattern of selection confirms patterns of differentiation already observed in a previous study [26] and is consistent with the higher cost of dispersing seeds in more fragmented habitats. Cheptou et al. [26] indeed showed experimentally that more than half of dispersing seeds fall outside the patch and are thus likely lost. While Cheptou et al. [26] was not able to disentangle the effect of urbanization per se and the effect of fragmentation, this study shows that dispersal traits can be driven by fragmentation. Interestingly, the low quantitative variance for these traits among populations (Q PwF ) indicates that fragmentation captured most of the quantitative variation for dispersal traits.
Selection appears to have also favoured evolutionary shifts in other reproductive traits in more fragmented habitats apart from its effects on plant size and dispersal ability. Given that urban plants are still self-incompatible in these urban fragmented environments [19] , we expected the rarity of pollinators here to select for increased attractiveness, e.g. via a larger capitulum or higher flowering stalks [54, 55] . Our results show opposite patterns. Nevertheless, Andrieu et al. [54] showed in C. sancta that the time pollinators spend searching for capitula is much longer in urban fragmented habitats than in unfragmented urban or rural habitats. Thus, a pollinator may take longer to find a patch of flowering Crepis growing alongside a tree on a Montpellier street, but once such a patch is located, the pollinator may then become less selective, foraging on all mature capitula while ignoring their size or height. Although pollinators indeed choose to forage on bigger capitula in the countryside [54] , foraging behaviour within urban patches suggests less selectivity, relaxing selection on reproductive traits linked to attractiveness (see also [56] ). Given that producing larger capitula is likely to be more costly, relaxed competitive pressures on pollination in urban fragmented habitats could explain the pattern observed.
We also observed a later flowering phenology in the fragmented habitats. This does not fit our expectation that flowering time might be expected to advance under warmer, drier conditions [57] [58] [59] . In these same populations, Lambrecht et al. [60] have shown that soils in urban patches are drier and warmer than soils in rural populations. However, we also know that urban patches are exposed to less direct sunlight because of buildings. A plausible explanation is that natural selection in such a habitat selects for delayed flowering, allowing slower-growing plants to gain enough energy to reproduce. Alternatively, delayed flowering might also reflect the lower diversity of flowering plants in urban fragmented habitats. In rural habitats with abundant pollinators [19] , interspecific competition for pollinator services may have favoured early-flowering plants (it is one of the first species to flower in spring). Relaxed interspecific competition for pollinators in urban fragmented habitats may then have favoured the later flowering we observed.
The phenotypic similarity observed between the rural population PSL and the two urban fragmented populations in reproductive traits suggests that patch isolation due to fragmentation is not the direct selective pressure acting on reproductive traits in the urban fragmented habitat. Because PSL and urban patchy populations exhibit similarities in terms of successional stage and density (see Material and methods), density and competition may be similar in these two environments. High intra-specific competition for pollinators due to high density may select for increased attractiveness in a crowded environment. By contrast, low density may reduce attractiveness in an uncrowded environment by relaxing selection. A lower population density of C. sancta due to succession in PSL and in urban fragmented populations may result in reduced attractiveness, thus favouring smaller capitula and smaller flowering stalks in these populations.
Plant size can greatly affect an individual's ability to capture light and absorb gases and nutrients, strongly affecting its rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 372: 20160038 competitive ability [61] . The variability of quantitative traits associated with individual size (leaf length and area) was independent of fragmentation and urbanization, reflecting instead the patterns of neutral genetic variation and/or the role of other selective agents. These results suggest that selection among these habitats on individual size is weak relative to the reproductive characters that differed between habitats. This conclusion is also supported by a previous study on C. sancta that found no differences in resource competitive ability (individual survival or seed output) between individuals obtained from more-and less-fragmented habitats [39] .
Knowledge gaps and future directions
Our study aimed at analysing how a suite of plant traits have responded to contemporary selection following the recent colonization of urban habitats. We showed that anthropogenic fragmentation affects selection on several plant life-history traits but not urbanization per se. Major life-history traits have evolved in fewer than 30 generations, demonstrating the ability of weedy plants to rapidly adapt to anthropogenic change. Dispersal consistently evolved towards reduced dispersal in fragmented populations. Fragmentation also affects reproductive traits but our study suggests that other characteristics indirectly linked to fragmentation (e.g. plant density) affect trait variation. Finally, vegetative traits have been found to be linked to neither fragmentation nor urbanization. These results show that the role of fragmentation is complex and likely includes both direct and indirect selective effects [17] . Further works are needed to identify the relative contribution of direct effects (isolation, etc.) and indirect effects (pollution, temperature, etc.) of selection on life-history traits in urban fragmented populations. Knowing these processes, in turn, helps us to understand how anthropogenic forces like urbanization and fragmentation will likely impact traits in other species subject to the multiple forces of global change.
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